Abstract
6
Cloning and sequencing of transposon insertion sites. The DNA sequences adjacent to 109 the transposon insertion sites were determined as described previously (6). Briefly, chromosomal were assembled, and homology searches were carried out using the public databases BLASTn 121 and BLASTx at http://www.ncbi.nlm.nih.gov.
122
Complementation of looP::Tn5 BA7 and cydC::Tn5 BA7 mutants. Intact copies of the 123 cydC and looP genes were amplified by PCR from chromosomal DNA of B. abortus BA7 using 124 a high-fidelity Pfu-X DNA polymerase (SolGent, Daejeon, South Korea) with the primers 5′-
125
AAC TGC AGT CAC CTC ATG GTT TTG AGG-3′ (PstI) and 5′-GCT CTA GAG CAT GAA
126
GGG TTT GCA TTC AC-3′ (XbalI), and 5′-AAC TGC AGA TGC GCG CCA GGG CAT C-3′
127
(PstI) and 5′-GCT CTA GAG CTC AAT TGG TTT CGG TGA AC-3′ (XbalI), respectively. The 128 approximately 1.7 kb (cydC) and 1.9 kb (looP) gel-purified products were digested with PstI and bacterial growth assays were performed as described previously (19, 20 blank paper (BD Bioscience, NJ, USA) and the paper was placed at the center of each plate.
158
After incubation for 3 days at 37 °C, the diameter of the zone of bacterial clearance around each 159 disk was measured.
160
To determine the sensitivity to acid, bacteria were grown to early stationary phase (OD 600 161 0.8) at 37 °C. The cultures were collected and then pelleted by centrifugation at 12,000 × g for 5
162
min at room temperature and the pellets were resuspended in TSB adjusted to pH 7.0, 4.5, and 163 3.5, respectively, with concentrated HCl. After 3 h of incubation with agitation at 37 °C, CFUs
164
were determined by plating of serial dilutions on TSA plates. The assay was repeated at least 165 three times independently and the mean ± SD were calculated.
166
Assessment of sensitivity to heavy metals and respiratory chain inhibitors was performed 167 as described previously (9 by subtracting the CFU on antibiotic-containing agar from the CFU on agar without antibiotics.
198
The degrees of protection were expressed as the mean CFU ± SD of B. abortus strain 544 for subtracting the mean log 10 CFU for the vaccinated group from the mean log 10 CFU for the PBS that the mutants are more susceptible to oxidative stress (P < 0.001, Fig. 2B ). cydC::Tn5 BA7 mutant at 3 and 7 WPI, whereas nearly 2.6 log CFU of the looP::Tn5 BA7 278 mutant were still detected at 7 WPI (P < 0.001).
279
Spleen weights were compared between the groups. The weight of the spleens in mice that 280 received looP::Tn5 BA7 and cydC::Tn5 BA7 mutants was significantly lower than that in BA7-281 infected mice during the experimental period (P < 0.001), as was evident by the lack of 282 splenomegaly (Fig. 3B) . Additionally, the decreased virulence of looP::Tn5 BA7 and cydC::Tn5
283
BA7 mutants could be fully restored to wild-type levels by complementation, as shown by C-284 looP::Tn5 BA7 and C-cydC::Tn5 BA7 (Fig. 3) . stressors compared with the parental BA7 strain. In addition, we also found that the virulence of persistence and splenomegaly in mice to the level observed with the parental BA7 strain.
356
Therefore, the data indicated that looP and cydC genes are involved in the virulence of B.
357
abortus.
358
Of note, the hyperattenuation observed in the cydC::Tn5 BA7 mutant was possibly because it is less likely that mutation of cydC will affect the regulation of the cytochrome bd expression.
375
In E. coli and other bacterial species where cydDC genes, an ATP-binding cassette-type, have 376 been clearly identified, these genes are adjacent but separate from cydAB genes (33-36). or the parental BA7 strain (**, P < 0.001; *, P < 0.05). 
